Objective: This cross-sectional study evaluated the association between serum minerals and body mass index in adult women. Methods: One hundred and eighteen adult women were recruited by written advertisement from outpatient clinics or a health promotion center at a university hospital. Serum calcium, magnesium, copper and zinc were measured by an automatic analytical instrument and body mass index was calculated from height and weight. Results: Serum magnesium was inversely associated with body mass index (b ¼ À0.283, P ¼ 0.001) whereas serum copper had a positive association with body mass index (b ¼ 0.197, P ¼ 0.025) after adjusting for age, physical activity, energy intake, dietary fat, alcohol consumption, supplements and menopause status. No associations were found with serum calcium and zinc. Conclusion: Serum magnesium and copper may be involved in the regulation of body size in adult women.
Introduction
Several lines of evidence suggest that low dietary intake of calcium or magnesium may be associated with several chronic diseases, such as type II diabetes (Colditz et al., 1992; Song et al., 2004) and cardiovascular disease (Abbott et al., 2003) . Calcium is also inversely associated with body weight or body fat, which may be the mediating factor in the etiology of these diseases in human and animal studies (Zemel, 1998; Jacqmain et al., 2003) . The blood levels of calcium and magnesium are under tight homeostatic regulation and may not be useful as indicators for dietary intake; however, serum magnesium is positively correlated with dietary intake (Jacques et al., 1993) and studies have reported associations of hypomagnesemia with metabolic syndrome (Guerrero-Romero and Rodriguez-Moran, 2002) and non-alcoholic steatohepatitis in obese people (Rodrí-guez-Hernández et al., 2005) .
Studies investigating the association of dietary intake and serum level of magnesium with body mass index (BMI) are limited. One study reported that women with higher intake of magnesium had slightly lower BMI (Song et al., 2004) and another one showed an insignificant negative correlation between serum magnesium and BMI (Guerrero-Romero and Rodriguez-Moran, 2002) . However, both results were obtained from only univariate analyses; so an independent association between them could not be determined.
In this study, we report the independent association of serum calcium, magnesium, copper and zinc with body weight and BMI in adult women.
Methods
A cross-sectional study was performed in adult women who visited outpatient clinics or a health promotion center at a university hospital in Seoul, Korea. The participants were recruited by written advertisement in 2004. Potential participants were excluded if they had a medical history of malignancy, tuberculosis, diabetes, thyroid, renal, rheumatoid or other endocrine diseases, or were taking any medications known to affect body weight including hormone replacement therapy. Antihypertensive drugs and nutrient supplements were allowed. One hundred and eighteen adult women were eligible and gave their written informed consent.
Height and weight were measured with light-weight clothing and bare footed. BMI was calculated using a standard formula (weight (kg)/height (m 2 )). All participants completed questionnaires concerning smoking, exercise, alcohol consumption, medication or supplements use, and disease history. A self-administered, semi-quantitative food frequency questionnaire (Park et al., 1995) was used to determine dietary intake. Physical activity was estimated based on the 7-day recall physical activity questionnaire (Kim et al., 1994) . Blood was collected in tubes before breakfast after a minimum of 6-h fasting. Serum levels of total calcium, magnesium, copper and zinc were measured by an automatic analytical instrument (Hitachi 7600-100 Automatic Analyser, Hitachi, Japan). SPSS version 11.5 (Chicago, IL, USA) was used for all statistical analyses. Multiple regression analyses were performed to evaluate the independent association of the serum mineral levels with body weight and BMI. Statistical significance was set at Po0.05. ). A total of 20.8 and 6.7% of the participants had a history of hypertension and hyperlipidemia, respectively; 3.3% were current smokers, 42.5% reported current alcohol use and 27.5% reported taking at least one nutrient supplementation.
Results
The mean value of serum calcium was 9.370.5 mg/dl, including four slightly below or above normal limit. The mean serum magnesium was 2.370.2 mEq/l, including six slightly above the upper normal limit. The mean values of serum zinc and copper were 70.8715.2 and 85.5718.3 mg/dl, respectively.
As shown in Table 2 , higher serum magnesium level was significantly associated with lower body weight and BMI (Po0.01), whereas serum copper level was positively associated with BMI (P ¼ 0.025) after adjusting for age, physical activity, alcohol consumption, total calorie intake, dietary fat, nutrient supplementation and menopause status. Serum calcium and zinc levels, however, had no significant associations with body weight and BMI.
Discussion
In the present study, serum magnesium was strongly and inversely associated with body weight and BMI, whereas serum copper was positively associated with BMI. In previous studies, women with high intake of magnesium had slightly lower BMI (Song et al., 2005) , whereas serum magnesium was negatively, but insignificantly associated with BMI (Guerrero-Romero and Rodriguez-Moran, 2002). Another study reported that obese people had significantly lower serum magnesium levels than non-obese people (Rodríguez-Hernández et al., 2005) . However, these results were difficult to compare owing to failure in adjusting for major confounders. The strong association of serum magnesium with body weight and BMI did not change after adjusting for confounders.
Magnesium is a critical cofactor for hundreds of enzymes and a direct antagonist of intracellular calcium. Intracellular magnesium homeostasis has been suggested to be linked with a cluster of metabolic diseases (Barbagallo et al., 2003) . If magnesium has a protective effect on obesity, it could be one of the favorable effects on prevention of metabolic diseases.
Copper and zinc are also involved in numerous metabolic reactions, and high serum copper and low serum zinc were associated with increased cardiovascular mortality (Reunanen et al., 1996) . One study reported a significantly higher serum copper level in overweight and obese people compared to controls (Tungtrongchitr et al., 2003) , consistent with our results. Another study showed that serum copper was positively associated with serum leptin (Olusi et al., 2003) . Therefore, we may infer that serum leptin could be associated with the undesirable effect of serum copper on obesity.
Previous studies showed negative associations between calcium intake and body weight (Zemel, 1998; Jacqmain et al., 2003) , but no associations were reported in other studies (Venti et al., 2005) . In the present study, no association between serum calcium and body weight was observed. The absence of the association is possibly due to the blood calcium level that is under tight homeostatic control within a narrow range, which may not reflect intake (Hunter, 1998) . Another possible explanation is different bioavailability of dietary calcium depending on dietary sources, physiologic function, estrogen deficiency, (Martini and Wood, 2002) and interactions with other nutrients, which might affect serum levels.
Our study has some limitations such as the possibility of selection bias because our participants were volunteers. Also, we did not measure the ionized level of each mineral and body fat. Despite these limitations, the results of the study suggest that serum magnesium and copper could independently predict body weight or BMI in adult women, whereas serum magnesium appears to be the more significant predictor. 
